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FLP-MEDIATED GENE MODIFICATION IN MAMMALIAN CELLS, 
AND COMPOSITIONS AND CELLS USEFUL THEREFOR 

This invention relates to recombinant DNA 
technology. In a peurticular aspect, this invention 
relates to methods for the site-specific recosibination of 
DNA in Bammalian cells or host mammalian orgaoiisms. In 
5 another aspect, the present invention relates to novel 
DNA constructs, as veil as compositions, cells and host 
organisms containing such constructs* In yet another 
aspect, the present invention relates to methods for the ' 
activation zmd/or inactivation of expression of 

10 functional genes. In a further aspect, the present 

invention relates to methods for the introduction of DNA 
into specif ic sites in the genome of mammalian cells. In 
a still further aspect, the present invention relates to 
gene therapy methods. In still another eispect, the 

15 present invention relates to means for the recovery of 

transfected DNA from a cell or host organism* In a still 
further aspect, the present invention relates to assay 
methods. 

20 

BACKGROUND OF THE INVENTION 

Many recent manipulations of gene 
expression involve the introduction of . transfected genes 

25 (transgenes) to confer sotoe novel property upon, or to 
alter some . intrinsic property of, mamonalian cells or 
organisms* The efficacy of such manipulations is often 
impaired by such problems as the inability to control the 
chromosomal site of transgene integration; or the 

30 inability to control the number of copies of a transgene 
that integrate at the desired chromosomal site; or by 
difficulties in controlling the level, temporal 
chearacteristics, or tissue distribution of transgene 
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expression; or by the difficulty of modifying the 
structure of transgenes once they are integrated into 
nansDalian chromosomes. 

Transgenes are often introduced into 
5 maannalian cells or organisms to determine which 

coii5)onents of a transgene are required for specific 
qualitative or quantitative alterations of the host 
system. Since both chromosomal position and copy number 
are suijor determinants of transgene function, the 
10 usefulness of these analyses is limited because current 
techniques- for efficiently introducing transgenes into 
mammalian hosts result in the insertion of a variable 
number of transgene copies at random chromosomal 
positions. It is, therefore, difficult (if not 
15 impossible) to compare the effects of one transgene to 
those of another if the two transgenes occupy different 
cdiromosomal positions and are present in the genOTie at 
different copy numbers. Considerably more refined 
analyses would be possible if one could routinely 
20 introduce single copies of a variety of transgenes into a 
defined chromosomal position. 

The spatiaj. or teaqporal characteristics of 
transgene expression is difficult to control in intact 
organisms. l!he restricted eacpression of transgenes is 
25 potentially of great interest, as this technique can be 
employed for a variola of therapeutic applications, e.g., 
for the selective interruption of a defective gene, for 
the alteration of eaqaression of a gene which is otherwise 
over-e3^ressed or imder-eaqpressed, for the selective 
30 introduction of a gene whose product is desirable in the 
liost, for the selective removal or disnqption of a gene 
idiose ea^essipn ii no longer desired in the host, and 
tbB lUce. 

Transgene e3q)ression is typically governed 
35 by a single set of control sequences, including promoters 
and enhancers which are physically linked to the 
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transgenas (i.e., cis-acting. sequences) . Consider2d>ly 
greater expression control could be achieved if transgene 
esqpression could be placed under the binary control of 
these cis-^acting sequences, plus an additional set of 
5 sequences that were not physically linked to the 

transgenes (i.e., trans-acting sequences). A further 
advantage would be realized if the transient activity of 
these trans-acting functions resulted in a stable 
alteration in transgene expression. In this manner, it 
10 wotild be possible, for example, to introduce into a host 
a transgene whose expression would have lethal or 
deleterious effects if it was constitutively expressed in 
all cells. This would be accon^lished by delaying the 
expression of the transgene to a specific time or 
15 developmental stage of interest, or by restricting the 
expression of the transgene to a specific subset of the 
cell population. 

It is currently difficult (if not 
impossible) to precisely modify the structure pf 
20 transgenes once they have been introduced into mammalian , 
cells. In many applications of transgene technology, it 
would be desirable to introduce the transgene in one 
form, and to then be able to modify the transgene in a 
defined manner. By this means, trzuisgenes could be 
25 activated or inactivated or the sequences which control 
transgene expression could be altered by either removing 
sequences present in-'Uie original transgene or by 
inserting additional sequences into the transgene. 

Previous descriptions of recombinase- 
30 mediated rearrangement of chromosomal sequences in 
Drosophila and maipmalian cells have not directly 
addressed the question of whether site-specific 
recombinascts could routinely create a functional 
translational reading frame. Moreover, the reported 
35 efficiency of the prior art recombinase system, in the 
only other description of site-epecific recombination in 
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mammalian cells reported to date [based on Cre 
recombinase, described by Sauer and Henderson in fiaslfiis 
^cjds Research . Vol. 17: 147 (1989)] appears to be quite 
lov* 



BRIEF DESCRIPTION OF THE IHVENTION 

In accordance with the present invention, 
10 we have developed a system for the selective modification 
of chromosomal or extrachromosomal DN& in mammalian 
cells. Selective modification can involve the insertion 
of one DNA Into another DHA (e.g., to create a hybrid 
gene, to activate a gene, to inactivate a gene, and the 
15 li]ce), or the removal of specific DNA molecule (s) from 
other DNA molecule (s) containing the DNA to be removed 
(e.g., to inactivate a gene, to bring desired DNA 
fragments into association with one another, and the 
like). 

20 The recombination system of the present 

invention is based on site-specific recombinase, FLP. In 
one application of the invention recombination system, 
FLP-mediated removal of intervening sequences is required 
for the formation of a functional gene. Expression of 

25 the functional gene therefore, falls under the control of 
both the regulatory sequences associated with the 
functional gene and also under the control; of those 
sequences "vftidti direct 7LP eaqoression. 

The reverse of the above-described 

30 process, i.e., the FLP-mediated introduction of DNA, 
provides a convenient and selective means to introduce 
DNA into specific sites in iiaiiimalian chromosomes. 

F£P-]Bediated recombination of marker genes 
provides a means to follow the fate of various sequences 

35 over the course of development and/or from generation-to- 
generation. The recombination event creates a functional 
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marker gene. This gain-of- function system can be used 
for lineage analyses in a vide variety of tissues in 
different organisms. Prior to FLP-mediated 
recombination, the marker gene is normally silent, i.e., 
5 the phenotype typical of the marker is not observed. In 
the absence of FLP, spontaneous recombination to produce 
functional marker occurs only at very low frequencies. 
In the presence of FLP, functional marker is efficiently 
produced. In addition, this gain-of --f unction system is 

10 heritable and is easily detected by simple histochemical 
assays. For exai^le, in transgenic mice, the lineages in 
which recoBibination is to occur can be controlled by 
appropriate selection of the promoters used to drive FLP 
expression. This could include promoters that are only 

15 transiently active at a developmental stage that 

substzmtially precedes overt cell differentiation. Since 
transcription of the marker gene is controlled by 
regulatory secpiences associated therewith, functional 
meurker genes C2m be expressed at later developmental 

20 stages, after cell differentiation has occurred. By this 
means, it is possible to construct a map for mammalian 
development that correlates embryonic patterns of gene 
expression with the organization of mature tissues. 

25 

BRIEF DESCRIPTIOH OF THE FI6DSES 

Figure 1 presents schematic diagrams of 
FLP-mediated recombination events. In Figure lA, FLP- 
30 mediated introduction of 0HA is illustrated, ^ile in 

Figure IB, FliP-mediated removal of intervening sequences 
is illustrated. 

Figure 2 is presented in three parts. 
Figure 2A presents schematic diagrams of the expression 
35 vectors pFRTPGAi;., pNE0/5GAL, and pOG44 FLP. Figure 2B 
presets a Southern blot of Hirt lysates prepared from 
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293 (human embryonic Icidney) cells transfected with one 
microgram of pHEO^GAL and varying amounts of the pOG44 
FLP expression vector. Figure 2C graphically presents 
the ^-galactosidase activities in the same transf ections 
5 shown in part B, refeirred to above. 

Figure 3A, at the top, presents a 
schematic of the pattern of plasmid integration in B25 
deduced from Southern blot analysis. Figure 3A, in the 
middle, presents the predicted patteim for 

10 /i-galactosidase positive sxibclones of B25 if precise 

recombination across the FLP-recombination target sites 
occurs. Figure 3A, at the bottom, presents the predicted 
pattern for ^-galactosidase negative, neomycin resistant 
subclones of E25B2 after FLP mediated insertion of p0645. 

15 Figure 3B presents an analysis of genomic DNA from a cell 
line with a single integrated copy of pNEO/?GAI* (i.e., 
CVNEOi5GAIi/E25, designated as B25) , two derivative 
/7-galactosidase-positive subclones (designated as E25B1 
ax^ E25B2) , and two subdoneis derived from E25B2 after 

20 transf ection with pOG45 (designated as B2N1 md B2N2) • 



DEXAXLED DESCRIFTION OF THE INVKN'fXON 

25 In accordance with the present invention, 

there is provided a mammalian recombination system 
cooprising: 

(i) FLP reoombinase, or a nucleotide sequence 
encoding same, and 
30 (ii) a first DMA comprising a nucleotide 

sequence containing at least one FLP 
recombination target site. 
In accordance with another (embodiment of 
thB present Inventiour there are provided novel DNA 
35 constructs useful for the introduction of DNA into the 
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genome of a transfected orgemiBm, said DKA construct 
conqprising, as an autonomous fragment: 

(a) at least one FLP recombination target 
site, 

5 (b) at least one restriction endonuclease 

recognition site, 

(c) at least one marker gene, 

(d) a bacterial origin of replication, and 
optionally 

10 (e) a mammaliem cellular or viral origin of 

DHA replication. 

In accordance with yet another embodiment 
of the present invention^ there are provided novel DKA 
constructs useful for the rescue of DNA from the genome 
15 of a transfected organism, said DNA construct comprising, 
as an autonomous fragment, in the folloving order, 
reading from 5' to 3' along said fragment: 

(a) a first FLP recombination target site, 

(b) ^, an insert portion comprising, in any 
20 suitable sequence: 

(1) at least one restriction endonuclease 
recognition site, 

(2) at least one mzorker gene, 

(3) a bacterial origin of replication, 
25 and optionally 

(4) a mammalian cellular or viral origin 
. of DHA replication, and 

(c) a second FLP recombination target site in 
tandem with said first FLP recoaabinatioh 

30 ■ target site* t 

lA addition, there are provided methods for the recovery 
of transfected DNA from the genome of a transfected 
orgraism enploylng the abdve^escribed constructs. 

In accordance with still another 
35 embodiment of the present invention, there is provided a 
siethod f or the assembly of a functional gene . (which is 
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then suitable for activation of expression) , in mzumnalian 
cells, by recombination of individually inactive gene 
. segments derived from one or. more gene(s) of interest, 
herein each of said segments cpntains at least one 
5 recombination target site, said method comprising: 

contacting said individually inactive gene 
segments with a FI^ reccmbinase, under 
conditions suitable for recombination to occur, 
thereby providing a DNA sequence which encodes 
10 a fttnctionEa. gene of inteirest. 

In accordance with a further embodiment of 
the present Invention, there is provided a method for the 
dlsrc^tlon of functional gene(s) of interest, thereby 
inactivating expression of such gene(s) , in mammalian 
15 cells,, \rtierein said gene(s) of interest contain at least 
one TLB recombination target site, said method comprising 
contacting said gene(s) of Interest with: 

(1) a DHA segment idilch contains at least one 
... FCP recombination target site, euid 
20 (11) FEP recombinase; 

wherein said contacting is carried out under conditions 
suitable for recqabinatlpn to occur between said gene and 
said DK& segment, thereby disrupting the gene(s) of 
, interest and rendering said gene(s) non-function2a* 
25 In accordance with a still further 

^nbodiment of the present invention, there is provided a 
metliod f or the precisely targeted integration of mk into 
the genoise of a host organlsmr said method comprising: 

(I) introducing a FLP recombination target 
30 site into the genome of cells whidh are 

coBipatible with the cells of the subject, 

(II) introducing a first 0N& comprising a 
nucleotide sequence containing at least 
one FLP recombination target site therein 

35 into the FLP recombination target site in 

the genome of said cells by contacting 
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siEiid cells with said first DNA and FLP 
reconbinase, and thereafter 
(ill) introducing the cells produced by the 
process of step (ii) into said subject, 
5 wherein the resulting cells and/or 

organism have the optional ability to 
have DNA reproducibly and repetitively 
inserted into and/or recovered from the 
host cells and/or organism. 
10 In accordance with another aspect of the 

present invention, there are provided mammalian cells, 
wherein the genomic DMA of said cells contain at least 
one FLP recombination target site therein. 

In accordance with yet another aspect of 
15 the present ^invention, there are provided transgenic, 

non-human mzumnals, wherein said mammals contain at least 
one FLP recombination target site in the genomic DNA 
thereof. 

In accordance with yet another aspect of 
20 the present invention, there is provided a method for the 
site-specific integration of transfected DHA into the 
genome of the above-described cells and/or transgenic, 
non-human maimoals, said method comprising: 

(i) contacting said genome with; 
25 (a) FLP recojnbinase, and 

(b): a first DNA comprising a 

nucleotide sequence containing 
at least one FLP recombination 
target site therein; and 
30 . . thereafter 

(ii) maintaining the product of Step (i) 
under conditions suitable for site- 
specific integration of said DNA 
sequence to occur at the FLP 

35 recombination target site in said 

genome.. 
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-lo- 
in accordance with a ftirtlier aspect of the 
present invention, there is provided a method for the 
analysis of the development of a mammal, said method 
cos^rising: 

5 (a) providing a transgenic mammal coa^jrising: 

(i) an eaqpression construct encoding FIiP 
under the control of a conditional 
promoter, and 

(ii) a reporter construct under the 
control of the same or a different 
promoter, idierein said reporter 
construct encodes a functional or 
non-functional reporter gene product, 
and wherein said construct contains 

^ at least one FLP recombination target 

site therein, 

wherein the functional 
es^ression of the functional reporter 
gene is disrupted ^en said FliP 
2Q recombination event occurs, or 

wherein the functional 
expression of the non-functional 
reporter gene commences when said FLP 
recombination event occurs; and 
25 (b) following the development of said mammal to 

determine when expression of functional reporter gene 
product either commences or is disrupted. 

in accordance with a still further aspect 
of the present invention, there is provided a co- 
30 transfection assay FEP-mediated recombination, said assay 
comprising: 

(a) co-transfectlng a host maaimalian cell with: 

(i) a FLP ea^ression plasmid, and 

(ii) a reporter plaadd comprising a 

35 reporter gene inactivated by the presence 
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of at least one recombination target site; 
and 

(b) monitoring said host cell under a variety 
of conditions for the gain of expression of functional 
5 reporter gene product. 

FLP recombinase is a protein which 
catalyzes a site-specific recombination reaction that is 
involved in amplifying the copy number of the 2ft plasmid 
of s.cerevisiae during DMA replication. FLP protein has 
10 been cloned and expressed in K.coli [see, for example, 
Cox, in proceedings of the National Academy of Sciences 
U.S.A./ Vol. 80: 4223-4227 (1983) ], and has been purified 
to near homogeneity [see, for example, Meyer-Lean, et 
al., in Nucleic Acids Researcdi, Vol. 15: 6469-6488 
15 (1987)]. FI*P recombinases contemplated for use in the 
practice of the present invention are derived from 
species of the genus Saccharonyces. Preferred 
recombinases employed in the practice of the present 
invention are derived from strains of Saccharomyces 
20 cerevisiae. Especially preferred recombinases employed 
in the practice of the present invention are proteins 
having sid>stantlally the same amino acl4 sequence as sist 
forth in Secpience. I.D. No; 2, as encoded, for exaa^le, by 
Sequence I.D. No. 1, or the sequence set forth by Hartley 
25 and Donelson, Nature 2fi£: 860 (1980). 

The FLP recombination target site 
(sometimes referred to herein as "FRT") has also been 
identified as minimally conqprlslng two 13 base-pair 
repeats, separated by an 8 base-pair spacer, as follows; 

'30 

-Spacer- . 

5« -GAAGTTCCTATTC[IJZEaSA2^]CTATAGG^ 
Xbal 
site 

-.35 

TJhe nucleotides in the above "spacer" region can be 
replaced with any other combination of nucleotides, so 
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id 



long as the two 13 base-pair repeats are separated by 8 
nucleotides. The actual nucleotide sequence of the 
spacer is not critical, although those of skill in the 
art recognize that, for some applications, it is 
desirable for the spacer to be asynmetric, while for 
other applications, a synmetrical spacer can be employed. 
Generally, the spacers of the FtP recombination target 
sites undergoing recombination with one another wUl be 
the same. 

As scShematicaUy illustrated in Figure lA, 
contact of genomic BNA containing a FIP recombination 
target site (shown as the linear Psv-BBXA-Gai. construct) 
with a vector containing a FtP recombination target site, 
in the presence of the protein, FEP recomblnase, results 
15 in .recoatoination that forms a new genomic sequoice 
wherein the vector sequences have been precisely 
incorporated into the genome of the host^ The reverse of 
this process is shown schematically in Figure OB, wherein 
a genomic sequence or construct containing two tandemly 
oriented FEP recomblnatioh target sites, upon contacting 
with FU, is recombined and the FLP recombination target 
site-bounded fragment is excised as a circular molecule. 

Genes of intaeest ccaitenplated for use in 
the practice of the present innrenticm can be selected 

25 from genes which provide a readily analyzable functional 
feature to the host cell and/or organism, e.g., visible 
markers (such as ^-galactosldase, thymidine kinase, 
l^sinase, and the like) , selectable markers, (such as 
maxksrs useful for positive and negative selection, e.g., 

30 genes for antibiotic resistance) , as well as other 
functions which alter the phenotype of the recipient 

cells, and the like. 

The first BMA e»^loyed in the prac^ce of - 
the present invention can comprise any nucleotide 
35 sequence containing at least one FtP recombination target 
site, whidi will precisely define the locus at which FtP- 



20 
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10 



mediated recombination will occur. The nucleotide 
sequence can comprise all or part of a gene of interest, 
as well as other sequences not necessarily associated 
with any known gene. Optionally, for ease of later 
recovery of the gene of interest (in "activated" or 
modified form) , the first DKA can optionally contain a 
second FI^ recombination target site. 

The second DHA employed in the practice of 
the present invention is selected from at least a second 
portion of the first gene of interest or at least a 
portion of a second gene of interest (including an intact 
form of a second gene of interest). When the second DMA 
is at least a second portion of the first gene of 
interest, the site-specific recombination of the present 
15 invention may act to provide a functional combination of 
the different portions of the first gene of interest. 
Alternatively, when the second DHA is at least a portion 
of a second gene of interest, the site-specific 
recombination of the present invention may act to provide 
20 a functional hybrid gene, which produces a product which 
is not identical with either the product of the first 
gene or the second gene. As yet another alternative, 
when the second DMA is a portion of a second gene, the 
site-specif ic recombination of the present invention may 
act to disrupt the function of the first gene of 
interest. Based on the nature of the first DUA and the 
second DNA^ as well as the mode" of interaction between 
the two, the site-specific interaction of the present 
invention may create or disrupt a feature which is 
30 colorimetrically detectable, immunologically detectable, 
genetically detectable^ and the liXe. 

In accordance with the present invention, 
assembly of a functional expression unit is achieved in 
any of a variety of ways, e.g., by association of the 
35 gene qf inter^bt with a functional promoter, by assembly 
of common gene fragments to produce a complete functional 



25 
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gene (which. In combination with its pronoter, comprises \ 
a functional expression unit)> or assembly diverse 
gene fragments from diverse soirrces to produce a 
functional, hybrid gene (which, in combination with a 
5 promoter, comprises a functional expression unit) , and 
the lite. Upon assembly of a functional expression unit 
as described herein, expression of the functional gene to 
produce a protein product can be activated in the usual 
manner. In the absence of FU?-mediated recombination, 
10 activatiMi of expression would fail to produce a 
functional protein product. 

In accordance with the present invention, 
dis-assembly of a functional expression unit is achieved 
in any of a variety of ways, e.g., by dis-associatlng the 
15 gene of Interest from a functional promoter, by dis- 
assembly (e.g., disruption) of the functional gene (e.g., 
1^ introduction of DHA ^ich renders the entire sequence 
non-functional) , by removal of a substantial portion of 
the coding region of said gene, and the lite. Upon dis- 
20 a^embly of a functional expression unit as described 
her^, expression of the functional gene product under 
the conditions required prior to gene dis-assembly is no 
longer possible. The ability of the expression unit to 
be activated for expression has therefore been disrupted. 
25 The gene in this situation can be said to be inactivated, 
since activation of e:q>ression is not possible. 

Individually inactive gene segments 
contemplated for use in the practice of the present 
invention ate fragments whieih, alone, do not encode 
30 functional products. Such fragments can be derived from 
a first gene of interest alone, or from both a first and 
second gene of interest QUA fragments. 

^en gene ihactivation is desired, the 
gena of interest can be disrupted with a UMX fragment 
35 whicdj .throws the gene of interest out of reading frame 

(e.g. , an insect wherein the number of nucleotides is not 
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a multiple of 3) . Alteraatively, the geiie of interest 
can be disrupted with a fragment which encodes a segment 
which is substantially dissimilar with the gene of 
interest so as to render the resulting product non- 
5 functional. As yet another alternative^ the gene of 

interest can be disrupted so as to dis-associate the gene 
of interest from the transcriptional control of the 
promoter with which it is normally associated. 

Ttie introduction of DHA, e.g., DNA 
10 encoding FtP recombination target sites, into the genome 
of target cells can be accoii5>lished ea5)loying standard 
techniques, e.g., transfection, microinjection, 
electroporation, infection with retroviral vectors, and 
the like. 

X5 Introduction of protein, e.g., FLP 

recombinase protein, to host cells and/or organisms can 
be accomplished by standard techniques, such as for 
example, injection or microinjection, transfection with 
nucleotide sequences encoding PLP, and the like. 

20 When enqployed for gene therapy of an 

intact organism, introduction of transgenic cells into 
the subject is acconqplished by standard techniques, such 
as for example, grafting, implantation, and the like. 

Itammalian cells contemplated for use in 

25 the practice of the present invention include all members 
of the order Hammalia, such as, for example, human cells, 
mouse cells, rat cells, monkey cells, hamster cells, and 
the like. 

Host organlsiBS conteii5)lated for use in the 
30 practice of the present invention include each of the 
organism types mentioned above, with the proviso, 
however, that no claim is made to genetically modified 
human hosts (although the present invention contenqplates. 
iaethods for the treatment of humans) . 
35 Once FLP reconbinase (or DHA encoding 

same) and DNA containing at least one FLP recombination 
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10 



15 



20 



30 



target site have been introduced into suitable host 
ceUs/organisBS, the cells/host organisms are maintained 
under conditions suitable for the site-specific 
recombination of mK. Such conditions generally involve 
conditions required for the viability of the host cell or 
organism. For in vitro manipulations, conditions 
en^tloyed typically involve low concentrations of a 
variety of buffers having a pH of between about 5-9 and 
ionic strengths in the range of about 50-350 iiflC. See, 
for example, Senecoff, et al./ in Tntimj^l "f ffp l ecBlar 
Bifilsjgz, vol. m* 405-421 (1988). 

in accordance with a particular aspect of 
the present invention, a co-transfection assay has been 
developed which can be used to characterize FtP-mediated 
recombination of extrachrcaosomal UNA in a variety of 
cell lines. Cells are co-transfected with an expression 
construct and a "reporter- plasmid that is a substrate 
for the recombinase. The expression construct encodes a 
rap recombinase protein. The reporter plasmid encodes 
either a functional reporter gene containing at least one 
recemiiination target site therein, or a non-functional 
reporter gene containing at least one recombination 
target site therein. D^on expression of FtP by the 
expression constihJCt, the fnnctionBl reporter gene will 

25 be rendered noit-functional, or the non-functional 

reporter gene will be rendered functional. Thus, the 
activity of the expression construct can be assayed 
either by recovering the reporter plasmid and looking for 
evidence of recombination at the DHA level, or by 
preparing cytoplasmic extracts and looking for evidence 
of recombination at the protein level (i.e., by 
aeasurlng the expression of reporter g^e activity 
generated by tiie recombined. reporter). Such assays are 
described in greater, detaU in Example 1 below. 
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The invention will now be described in 
greater detail by reference to the following non-limiting 
examples. 

5 EXAMPLES 

Example 1 
Co-transf ectlon Assays 

'Ste co-trzmsfection assay used to 
characterize FLP-mediated recombination of 
extrachromosoaal DNA Involved transfection of cells with 
an expression construct and a "reporter" plasmid that was 
a substrate for the recpmblnase. The activity of the 

15 expression construct could be assayed either by 

recovering the reporter plasmid and looking for molecular 
evidence of reconbination at the DKA levels or by 
preparing cytoplasmic extracts and looking for evidence 
of recpmblxmtUon at the protein level (i.e., by measuring 

20 /9-galactosldase activity generated by reconbined 
reporter) . . 

The pliEO^GAL reporter plasmid used for 
these assays was derived from pFRTflGAL (Fig. 2A) . In the 
Figure, half-arrows Indicate positions of FLP 

25 recoinbinatibn target (FRT) sites; E and S designate EcoRI 
and Seal restriction sites, respectively; Psv designates 
early promoter, from SV40f BETA-GAL designates the fl- 
galactosldase structural sequence; NEO designates 
neomycin expression cassette; Pcmv designates the 

30 cytomegalovirus immediate early promoter; IN designates 
an intron; FLP designates a FLP coding sequence; AH 
designates an SV40 adenylatipn cassette; thin lines 
represent vector seweac^^ and the sizes of restriction 
fragments are indicated in kb. 

35 pFRT^GAL contains a version of the 

bacterial /5-galactoBidase sequence modified, by insertion 
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of a FLP recoiBbiiiation target site, or FRT, within the 
protein coding sequence immediately 3» to the 
translational start. ISie oligonucleotide used for the 
construction of pFTpRG&I. was: 

5 

5 1 -GATCCCGGGCTACai'rGGA-GAAGTTCCTATTC* CGAAGyyCCTaagS 

!Chis oligonucleotide contains an in-frame start codon, 
10 minimal IRC site, and an additional copy of the 13-bp FKP 
repeat fXXX^]? the Xbal site within the FRT spacer is 
enclosed in parentheses. The linker was inserted between 
the BamHI and HindlXI sites of pSKSlOS (M.J. Casadaban, 
A- Martin-Arias, S.K. Shaplra, and J. Chou, MABaymeL 
15 100, 293 (1983)) and the LacZ portion of modified gene 
was cloned into a pSV2 vector. The neomycin cassette 
used for construction of i>NEO^GAL was an Xhol to BamHI 
fragment from pMClneo-polyA (K- Thomas and M. Capecchi, 
CfeB 515 503 (1987)) cloned between copies of the J3 FRT 
20 site in pUC19. 

The FRT consists of two inverted 13-base- 
pair (bp) repeats and ah 8-bp spacer that together 
comprise the minimal FRT site/ plus an additional 13-bp 
repeat which may augment reactivity of the minimal 

25 substrate. The p-galactosidase translational reading 
frame was preserved upon insertion of the FRT site, and 
the resulting plasmid, pFKPPGAL, generated robust 
activity in maanialian cells (Table 1) . 

pHBOi^GAIi was constructed by catting 

30 pFRT^Gtt in the middle of the FRT site with Xbal and then 
inserting an Xbal fragment consisting of two half-FRT 
sites flanking a neomycin transcription unit. This 
created intact FRTs on either side of the nec3anycin 
cassette and rendered the fl-gaiactosidase transcription 

35 unit inactive (Tablie 1) . Precise FLP-mediated 

recombination of the FRTs caused the emission of the 
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neonycin casset;te, recreated the parental pFRT^GAL 
plasmld, and restored /9-galactosldaBe expression. 

Co^transf action of cells with a fixed 
aaiDunt of pMEO^GAL reporter plasaid and increasing 
5 counts of the p0644 FLP expression vector generated 
increasing amounts of recombined reporter plasmid and 
consequently, increased levels of /9-galactosidase 
activity. Molecular evidence for FLP-mediated 
recombination was obtained by recovering plasmids 36 

10 hours after tiransfection, foll'oved by endonuclease 

treatment (with ScoHX and Seal) and Southern blotting 
(see Fig. 2B; employing as a probe the fragment of 
pFRT/SGAL indicated at the top of Fig. 2A) . Lysates of 
cells from cotransfectipns that included the p0644 FLP 

15 expression vector shoved a signal at 5.6 kb, the position 
at which recombined reporter (equivalent to pFRT^GAL) 
would run, and a 3.2 Ida signal that was generated by 
unrecoBibined TpKBOffGKL reporter (Fig. 2A) • The 5.6 kb 
band intensity was proportional to the amoimt of FLP 

20 expression plasmid included in the trzmsfection. The 5.6 
kb band was not seen ixi cotransfections in which a non- 
FLP plasmid was substituted f or the FEP expression vector 
(Fig. 2B) or in transfections thai: contained only p0644 
(and no reporter plasmid) • p0644 generated additional 

25 signals at 2.2 kb and 2.8 kb because the plasmid used in 
its construction contained EcoRI and EcoRI-ScaX fragments 
of such length. 

p0644 consists of the cytomegalovirus 
immediate early promoter from pCDH8 [see Aruffo and Seed 

30 in Proc. Natl Acad. Sci. , USA M:857:r (1987)], a 5» 

leader sequence and synthetic intron from pKLSXScat [see 
Huang and Gorman in Nucl. Acids Res. 18: 937 (1990)3, the 
FLP coding sequence (bp 5568-6318 and 1-626 of the 2fim . 
circle, [see Hartley and Donelson, Nature 286 ; 860 

35 (1980) ] and the SV40 late region polyadenylation signal 
from {kMLSIScat. The following silent nucleotide 
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substltations were introduced into the structural FLP 
sequence using the polymerase chain reaction: C for T at 
position 5791, G for A at 5794, G for C at 5800, C for T 
at 55r 6 for A at 58, and C for T at 103. These changes 
5. eliminated three cannonical A&IAAA polyadenylation 

signals and Introduced a PstI restriction site without 
altering the amino acid sequence encoded by the 
nucleotide sequence. pOG28 consists of a murine cDHA for 
dihydrof olate reductase cloned into pCDMS (Aruf f o and 
10 Seed, sunral . 

In the same samples, ^-galactosidzise 
activity was zlLso proportional to the amount of FLP 
e3q)ression plasmid included (Fig. 2C) . Only background 
activities were observed in cotransf ections that included 
15 a non-FLP control plasmid (Table 1) or when pOG44 alone 
was transfected. The experiment thus provides both 
molecular and biochemical evidence for precise FLP- 
mediated recombination in mammalian c e lls, 

.' Table 1 presents /i-galactosidase 
20 activities in cotransf ection assays of 293, CV-1, and F-9 
cells. Positive control transf ections (pFRP/5GAIi) 
included 1 fiq of pFRTpGAL and 18 /ig of the pOG28 non-Fi;P 
control plasmid; negative control transf ecticms 
(piHEO/96AL) included 1 itq of TgNBOfiGkL and 18 ftg of the 
25 p0628; arid experimental transf ections (pHEO^GAL + FLP) 
contained 1 fig of pNEO)5GAL and 18 of the pOG44 FLP 
eaq^ression plasmid (Fig. lA). The column headed by 
shora the pSBOfiGM^ + FLP values as a percentage of the 
pFSecpGAL positive control. Eadh value represents the 
30 mean for six plates from two experiments. Standard 
errors are in parentheses. Neither pOG28 nor pOG44 
generated ^-galactosidase activity when transfected 
alone. All transf ections cmtalned 1 iig of pRSVL [de Wet 
et al., Mol. cell. Biol. 2: 725 (1987)1 to correct 
35 galactosidase activities for relative transf ection 
efficiencies. 
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Siibconfluent cultxires of cells in 10 cm 
dishes 2uid grown in Dulbecco*s modified Eagle's medium 
(DMEH) and 5% calf serum were transfected by overnight 
eacposure to calcium phosphate precipitates [Graham et 
5 al.. Virology 16:59 (1979)] and then split 1:4. After 24 
hours incubation, one plate of each transfection was 
harvested by Hirt extraction [Ji Mol Biol. 2fe:365 (1967)) 
and a second plate was used to prepare cytoplasmic 
e3ctracts [de Wet et al., sSSBSSLl* AK>roximately 5% of the 

10 DNA recovered from single plates was used for Southern 
analyses, ^-galactosidase assays were performed as 
described by Ball et al., in J. Mol. Appl. Genet. 2:101 
(1983)]. Locif erase ^activities generated by the 
inclusion of 1 of pItSVL (de Het et al., supra 1 in all 

15 transfections were used to correct j9-galactosidase 

activities for relative tnmsfection efficiencies. The 
esqperiment was repeated twice with simileuf results. 

TABLE l: p-GAIACTOSIDASE ACTIVITIES (UNITS/ H6 PROTEIN) 
20 IN COTSUOiSFE^TED CEIXS 



25 



35 



CELL LINE TRANSFECTIONS 



pFBTi^GAL pNEO^GAL pNEO^GAL 

+ FLP 



30 293 30.4 (1.9) 0.17 (0.02) 14.2 (2.2) 47 

CV-1 275 (25) 0.33 (0.06) 22.6 (1.2) 8 

F9 24.8 (4.3) 0.04 (0.01) 1.88 (0^02) 8 



FLP activity has also been demonstrated in 
monkey Jcidney (CV-l) m& mouse embryonal carcinoma (F9) 
40 cells. In Table 1, the i9-galactosidase activity in the 
■*pFRT^i5AL" transfections represents an estimate of the 
eacpression eicpected if all the pNEO^GAL in a co- 
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transfcction were innaediately recambined. The highest 
galactosidase expression in co-transf ections enploying 
pNEOpGAL plus pOG44, relative to pFRT^GAL transfected 
cells, was 47%, seen in 293 cells. This is a remarkable 
5 level considering that ^-gad.actbsidase esepression 

required both FLP expression, followed by recombination 
of pNEOpCAL, to produce a construct capable of expressing 
p^-galactosidase. Co-transfections of CV-1 and F9 cells 
generated 8% of the activity seen in the pFRT^G&Ir 
10 transfections. Even at this lower relative activity, 
cotransf ected cells were readily observed in 
histochemical reactions for ^-galactosidase activity. 



X5 ^ Example 2 

FIP-Hediated Removal of Intervening Sequences 

If the invention method is to be widely 
api^llcable, fw: example for gene activation in transgenic 

20 mammals, the ability of FtJP to faithfully promote precise 
recombination at FI^ recontoination target sites contained 
in the ^^rmnf^i im geuome is required. Such ability is 
demonstrated in this example. 

Cell lines that contain single integrated 

25 copies of pSBOfiGhL (designated CVNEOJJGM/E) were produced 
by transfecting CV-1 cells with linearized plasmid by 
electrpporation, then isolated by selecting G418- 
resistant (6418*) transf ectants that stably expressed the 
neomycin cassette, and finally identifying single copy 

30 lines by Southern blot analyses (Fig. 3>. As previously 
shown for other integrated constructs with sijailarly 
short direct repeatSi. the chromosomal FBTs did not 
sponbuieoosly reco^ine (in tlie absence of FLP) to 
produce a p-galactosidase-positive (fiGM^) phenotype at 

35 detectable frequencies (Table 2). 
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Transien^ expreBsion of FLP in the 
CVKBOpGAL/Z lines (by traxislently transf ecting with the 
p0644 FLP expression vector) promoted a rapid conversion 
to a ^GAL^ phenotype* When five different lines were 
5 transiently trzmsfected with the p6G44 FLP expression 
vector, ^--galactosidilse activities at 36 hotirs were 40 to 
100-fold higher than those seen in replicate plates 
transf ected with a non-FLP plasmid (Table 2) • 48 
hours after transfection histochemical processing shoved 

10 many positive cells (Table 2) • 

Table 2 presents the )9--galactosidase 
phenotypes of CVMEO^GAI/B lines, %mich contain a single 
copy of the /9-galactosidase inactive reporter, pNEO^GAL, 
after transfection with FLP expression (p0644) , non*FLP 

15 negative control (p0628) or i9*galactosidase positive 

control (pFRT^GAL) plasmids. The pFBTfiGkL transfections 
included 1/tg of pFBTfiGkL and 19/ig of p0644; bther ndxes 
contained 20^ of the indicated plasnid. ^-galactosidase 
activities are mean values for triplicate transfections 

20 perfomed as descxibed for Fig. 2 and assayed 36 hours 
after removal of precipitates; standard errors for the 
pO(S44 txwisfections were less than 10% of the mean. The 
percent positive was determined by scoring more than lo' 
cells after transfection and histochemical processing as 

25 described by de Wet et al., snnra ^ 
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TABLE 2 

^-GAIACTOSXD&SE raEKOTYFES OF 
TRANSFECTEZ) CVNE0/?6Ui CKTiTt UHES 

5 

CEIIi ACTXV lTU eS PERCENT POSITIVE 

LINB (units/mg protein) 





p0628 


p0644 


p0628 


pFRTpGAL 


pOG44 


£6 


0.24 


11.2 


Of 


8.7 


6.1 


E25 


0.21 


16.7 


Of 


17.1 


12.4 


£26 


0.18 


7.2 


Of 


19^5 


15.4 


£14 


0.28 


13.1 


ND 


KD 


ND 


£22 


0.09 


9.6 


»P 


ND 


ND 



tNo positive cells were found among >10^ cells examined. 
20 ND: Not done. 



To provide some estimate of the efficiency 

25 of recombination, an additional set of replicate plates 
were transf ected with the pPTtT/SGAIi jJ-gzaactosidase 
expression vector. Comparing the fractions of cells that 
were pGMii- in the pFItT^G&L and in the p0644 trcpisf ections 
(eissuming similar transf ection efficiencies) suggests 

30 that most (70-80%) of the cells tsransf^cted with p0G44 
were converted to a j^GAL^ phenotype (Table 2) . The 
compEUcison undoubtedly underestimates the efficiency of 
FiP-mediated excision. Whereas manty copies of a 
fnnctJLonal /9-galactosidase gene were available for 

35 immediate tzfanscription in the positive controls, 

recombination may. have occurred shortly before harvest in 
some p0644-transf ected cells. In the$e cases the single 
recombined reporter gene may not have generated enou^ 
p-galactosidase by the time of harvest to render the 

40 cells positive in this assay. 
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niiB fiGAjf phenotype was passed on to all 
descendents of many FLP-converted cells. Positive 
colonies were formed during prolonged egqpansion of 
individual colonies. Entirely negative colonies and 
5 mixed colonies were also observed. Mixed colonies would 
be expected if recombination occurred after xoitoslis in 
only one descendent of a transfected cell, or if 
recombined and unrecombined cells mixed at replating or 
during subsequent growth. Indeed, the physical 

10 segregation of phenotypest evident in most mixed colonies 
suggested that they were cosiposed of stably positive and 
negative lineages. 

The correlation between i9-galactosidase 
expression and recombination at FRT sites was exzimined by 

15 comparing the structure of the integrated pHEOfiGAL 

sequences in two pGklf subclones to the parental line. 
CVHEO/3GAVB25 (106) cells were traxisfected with the p0644 
FLP expression vector and subcloned 12 hoiirs after 
removal of the precipitate. After histochemical 

20 screening, two p&a!^ subclones (E25B1 and E25B2) were 
expanded for further analysis. In Southern blots of 
genomic DNA froo^ both subclones, the pattern of 
hybridization matched that e:q>ected for FLP-mediated 
recombination of the FRT sites in the parental line (Fig. 

25 3). While recombination products have not been recovered 
and sequenced, these Southern analyses and the fact that 
activation of /9-galactosidase expression recpiired 
creation of a functional translational reading frame 
indicate that FLPrmediated recombination Wjas precise. 



30 



wo 92/15694 



Fcr/vs92/oim 



Example 3 
FLP Mediated Recombination of FRT 
on an Esctrachranoscspal Molecule With a 
Chromosomally Integrated FKT 

5 

. Reversal of the process described in the 
previous Example, i.e., the FLP-mediated recombination of 
an FRT site on a plasmid with a chromosamally integrated 
FRT site, can be used to target the integration of 

10 transfected plasmids to specific genomic sites. To 
determine the frequency at ^^dh this occurs, G418- 
sensitive, pGiiSj E25B2 cells were co-transf ected with the 
pOG44 TLB expression vector and a plasmid, piOG45, that 
contained a neomycin resistance gene expression ceissette 

15 and a single FRT. p064& consisted of the neon^cin 

resistance cassette and 3* FRT from pNEO)?GAIt cloned into 
pUC19. 8 X 10^ CVMEO^GAIi cells vere transfected by 
electroporation in 800 Ml of saline containing 40 /ig of 
p0644 and 0.1 ^/tg of either p0645 or, for a negative 

20 control, pOG45A (which was derived from p0645 by deleting 
a 200 bp fragment, containing the FRT) • 

6418^ subclones (designated B2N) from three 
transfections that had stably integrated pOG45 were 
histochemically stained for /i-galactosidase activity and 

25 more than half (104 of 158, or "66%) were either entirely 
i9-galactosidase**negative (fiGAL) or predominantly ^GAXi* 
with a few clusters of fiGkC csells. The remaining 
colonies were p&O^. With continued passage as dispersed 
monolayers, the fraction of pOKC cells in the mosaic 

30 lines rapidly diminished. This suggested they were 6418' 
sensitive cells that initially survived because of their 
proximity to resistant cells; this was confirmed by 
reconstitntion esq^iments. All of the 55 colonies 
formed after parallel co-transf ections of p0644 and a 

35 derivative of p0645 (p0645&) that lacked an FRT were 
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Tho correlation between loss of 
^-galactosidase activity and recombination between 
plasmid and chramosoinal FRTs was examined in Southern 
analyses. Becaxise the FRT and neomycin cassette of pOG45 
5 were derived from the neomycin cassette and 3' FRT of 
pNEO^GAL (Fig, 2A) , recombination of the plasmid FRT with 
the E25B2 chromosomal FRT regenerates the 3.2 kb Ec6RI 
fragment of the original CV1IE0^GAVS25 parent. 
Additionally, the 8.5 kb junctional fragment of 

10 CVNEOiSG&I/B25 shifts to 12.0 Kb because pOG45 is 3.5 kb 
larger than the neomycin cassette of pNEd^GAL. The 3.2 
kb EcoRI fragment and the 8.5 kb junctional fragment were 
observed in each of the 10 cell lines analyzed after 
initial histochemical classification as fiGKlI or mosaic, 

15 as shown for two such lines in Fig. 3B. In contrast, 
e&ch of the four fiQKL¥ colonies examined by Southern 
analyses showed that pOG45 had integrated at a random 
site. 

These data show that FLP-mediated 

20 recombination will target the integration of transfected 
DHA to a fiipecif ic chromosamal site at freg:uencies that 
exceed those of random integration, and that the event 
can be marked by the alteration in gene activity at the 
target site. The efficiency of targeted integration can 

25 be increased by standard optimization techniques, such as 
for exaaiple, by using ratios of the integrating plasmid 
and FLP expression vectors different from- the single 
ratio mixture used here, or by using FRT mutations in the 
plasmid and chromosomal sites to decrease the frequency 

30 with ^ch successfully Integrated plasmids are 
subsequently excised. 

I9hile the invention has been described in 
detail with reference to certain preferred embodiments 
thereof, it will be understood that modifications and 

35 variations are within the spirit and scope of that which 
is described and claimed. 
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SUHM^Y OF SSQUENCES 

Sequence I.D. No; 1 is the approxixnately 
1450 base-pair seqaence encoding a FLP reconibinase 
5 contemplated for iise in the practice of the present 
invention, as veil as the amino acid seqaence deduced 
therefrom. 

Seqaence I.D* Ko. 2 is the amino acid 
sequence deduced from the nucleotide sequence of Sequence 
10 ZD No. 1. 
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SEQDENCE LISTING 



(1) GENERAL INFORMATION: 

<i) APPLICANT: UAHL, DR, GEOFFREY H 

O'GORMAN DR, STEPHEN V 

(11) TITLE OF INVENTION: FLF -MEDIATED GENE MODIFICATION IN 
MAMMAilAN CELLS, AND COHFOSITIQNS AND CELLS tiSEFOL 
THEREFOR 

(111) NOMBER OF SEQUENCES: 2 

(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: FITCH. EVEN, TABIN & FLANNEBY 

(B) STREET: 135 South LaSalle Street, Suite 510 
<C) CITT: Chicago 

(D) S TATE: I lllnolg 

(E) COUNTRY: USA 

(F) ZIP: 60603 

(v) COMPUTER READABLE FORM: 

(A) ME DIUM T YPE: Floppy disk 

(B) COMPUTER: IBM PC coi^atlble 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTOARE: Patentin Release #1;0, Version #1«25 

(vl) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vlll) ATTORNEY/AGENT. INFORMATION: 

(A) NAM£:i REITER MR, STEPHEN E 

(B) REClSTSAtlON NUMBER: 31192 

(C) REFERENCE/DOCKET NUMBER: 50730 

(Ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (619) 552-1311 

(B) TELEFAX: (619) 552-0095 

(C) TELEK: 20 6566 PATLA9 OGO 
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(2) INFORKAIIOH FOR SEQ ID NO:X: 

(i) SECPJENCE CHARACtERISTICS: 

(A) LEKGTH: 1380 base pairs 

(B) T£P£: nucleic acid 

(C) SIRAHDEDKESS: single 

(D) lOFQiJOGr: li ne a r 

(li) UOLECOLE TZFB: DNA (genomic) 

(vii) IHHEDIAXE SOURCE: 

(B) cum: NATIVE ilP 

(ix) FEATDRE: 

(A) mm/KEil CDS 

(B) IJOCAIIOR: 1..1269 

(xi) SEQDEHCB DESCRIPTIQN: SEQ ID H0:1: 

AI6 CCA CAA IXT GAT AXA TEA IGT AAA ACA CCA CCT AA6 GTG CTT GIT 48 
Het Pro Glh Fhe Asp He Leu Cys Lys TSar Pro Pro Lys Val Leu Val 
1 5 10 15 



CGrCA6ITX6I6GAAAG6TITGAA A6A CCX XGA GOT GAG AAA AZA 6CA 96 
Arg Gin Phe Val Glu Arg Phe Glu Ar| Pro Ser Gly Glu L^ He Ala 

TEA TGX GCr GCr GAA CIA ACC lAT TIA TGT TGG AT6 AXt ACA CAT AAC 144 
Leu Cys Ala Ala Glu Leu Thr Tyr Leu Crs Ttp Het He Thr His Asn 
35 ' 40 45 



GGA ACA GCA ATC AA6 AGA GCC ACA TTC AIG AGO TAT AAT ACT ATC ATA 192 
Gly Thr Ala He Lys Arg Ala Tte Phe Het Ser Tyr Asn Thr He He 
50 55 60 

A6C AAT TCGCT6AGTTTCGATATTGTCAATAAA TCA CTG GAG ITT AAA 240 
Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 . 70 75 BO 

TAG AAG ACG CAA AAA GCA ACA ATT GIG GAA GCC TCA TTA AAG AAA TXG 288 
Tyr Lys Thr Gin Lys Ala Ihr He Leu Glu Ala Ser Leu Lys Lys Leu 
85 90 95 

ATT CCT GCT TGG GAA TTT ACA ATT ATT CCT TAG TAT GGA CAA AAA CAT 336 
He Pro Ala Trp Glu Phe Thr He He Pro Tyr Tyr Gly Gin Lys His 
.100 105 HO 

CAA TCT GAT ATC ACT GAT ATT 6TA A6T A6T TEG CAA TTA GAG TTC GAA 384 
Gin Ser Asp He Tiac Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
llS 120 125 

TCA TCG GAA GAA GGA GAT AAG GGA AAT AGO CAC ACT AAA AAA ATG CTT 432 
Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Het L^u 
130 135 140 

AAA GCA CTT CTA AGT GAG GGT GAA AGG ATC TGG GAG ATC ACT GAG AAA 480 
Lys Ala Leu Leu Ser Glu Gly Glu Ser He Tip Glu He Thr Glu Lys 
145 150 155 160 
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ATA CTA AAT TCG TTT GAG TAT ACT TCG AGA TIT ACA AAA AGA AAA ACT 
He Leu Asn Ser ?he Glu TVr Thr Ser Arg Fhe Thr Lys Thr Lys Thr 
165 170 1>5 

TTA TAG GAA TTC CTC TTC CTA GCT ACT TTC ATC AAT TGT GGA AGA TTC 
Leu Tyr Gin ?be Leu fhe Leu Ala Thr Fhe He Asn Cys Gly Ars Fhe 
180 185 190 

AGC GAT ATT AAG AAC GTT GAT CCG AAA TCA TTT AAA TTA GTC CAA AAT 
Ser Asp He Lys Asn Val Asp Pro Lys Ser Fhe Lys Leu Val Gin Asn 
195 200 205 

AAGTATCTGGGAGTAAXAATCGAGTGTTTAGTGACAGAGACAAAGACA 
Lys Tyr Leu Gly Val lie He Gin Cys Leu Val Thr Glu Ihr Lys Thr 
210 215 220 

AGC GTT ACT AG6 CAC ATA TAC TTC TXT AGC GCA AGG GCT ACG ATC GAT 
Ser Val Ser Arg His He Tyr Fhe Fhe Ser Ala Arg Gly Arg Ha Asp 
225 230 235 240 

CCA GTT GTA TAT TT6 GAT GAA TTT TTG AGG AAT TCT GAA CCA GTC CTA 
Fro Leu Val Tyr Leu Asp Glu Fhe Leu Arg Asn Ser Glu Fro Val Leu 



245 



255 



AAA CGA GTA AAT AGG ACG GGC AAT TCT TCA AGG AAT AAA CAG GAA TAC 
Lys Arg Val Asn Arg Thr Oly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 ''•"^ 



270 



CAA TTA TTA AAA GAT AAC TTA GTC AGA TCG TAC AAT AAA GCT TTG AAG 
Gin Leu Leu Lys Asp Asn Leu Val Arg Ser Tyr Asn Lys Ala Leu Lys 
275 280 285 

AAA AAT GCG CCT TAT TCA ATC TTT GCT ATA AAA AAT GGC CCA AAA TCT 
Lys Asn Ala Fro Tyr Ser He. Fhe Ala He Lys Asn Gly Fro Lys Ser 
290 295 . 300 

CAC AIT GGA AGA CAT TTG ATG ACC TCA TTT CTT TCA ATG AAG GGC CTA 
His He Gly Arg His Leu Met Thr Ser Fhe Leu Ser Met Lys Gly Leu 
305 310 315 320 

ACG GAG TTG ACT AAT GIT GIG GGA AAT IGG AGC GAT AAG CGI GCT TCT 
Thr Glu Leu Thr Asn Val Val Gly Asn Txp Ser Asp Lys Arg Ala Ser 

325 330 • 335 

GCG GTG GCC AGG ACA A06 TAT ACT CAT CAG ATA ACA GCA ATA CCT GAT 
Ala Val Ala Arg Thr Thr Tyr Thr His Gin lie Thr Ala He Fro Asp 
340 . 345 350 

CAC TAC TTC GGA CTA GTT TCT CGG TAC TAT GCA TAT GAT CCA ATA TCA 
His lyr Fhe Ala Leu Val Ser Arg TVr TVr Ala Tyr Asp. Fro He Ser 
355 360 / ^36$ 

AAG GAA ATG ATA GGA TTG AAG GAT GAG ACT AAT CCA ATT GAG GAG TGG 
Lys Glu Het He Ala Leu Lys Asp Glu Thr Asn Fro He Glu Glu Ttp 
370 375 380 

CAG GAT AXA GAA CAG CIA AAG GGT AG! GCT GAA GGA AGC AXA CGA TAC 
Gin His He Glu Gin Leu Lys Gly Ser Ala Glu Gly Ser He Arg Tyr 
385 390 395 ^ 460 



528 



576 



624 



672 



720. 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



1200 
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He Ala 



Arg Gla Phe Val Glu Arg Phe Glu Ar| Pro Ser Gly Clu L|s 

Leu Cys Ala Ala Glu Leu Thr Leu Cys Trp Met lie thr His Asn 

Gly Hir Ala lie Lys Arg Ala Thr Phe Met Ser l|r Asii Ihr lie He 
50 55 w 

Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 70 ?5 80 

Tyr Lys Thr Gla Lg AU Thr He Leu Glu Ala Ser Leu Lys L|| Leu 

Ha Pro Ala Trp Glu Phe Thr He He Pro T^jrr Tyr Gly Gin Lys His 
100 105 110 

Gin Ser Asp He Thr Asp He Val Ser Ser Leu Gin Gin Phe Glu 
llS 125 

Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Met Leu 
130 135 140 

Lys Ala Leu Leu Ser Glu Gly Glu Ser He Trp Glu He Thr Gl» Lyj 
lis 150 155 160 

He Leu Asn Ser Phe Glu Tyr Thr Ser Arz Phe Thr Lys Thr Lys llir 
165 170 1/5 

Leu Tyr Gin Pha Leu Phe Leu Ala Thr Phe He Asn Cys Gly Arg Pha 
180 185 190 
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C<X:GCATG6AAlGG6AlAAIATCACAG6&CG17l(nAGAGTACCTTT^ 1248 
Pw Sa Trp Asn g| He He Ser Gin ^u Val Leu Asp l^yr Leu Ser 

TCC TAG ATA AAT AGA CGC ATA TAACrAOGCA rmAGGATA AACACGCACT 1299 
Ser Tyr He Asn Arg Arg He 
420 

AIGCOGTTCT TCTCAIGIAt AimimC AGGCAACACG CA6AIAI&G6 TGCGACGTGA 1359 
AC&GTGAGCT GZATGI60GC A 

(2) BiffQRMmON FOR SEQ ID Nd:2: 

(i) SEqpEETCE CHARACTERISTICS: 

(A) LEHG IH: 423 amino acids 

(B) TYPE: amino acid 
{jy) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: protein 

(3ci) S Eg UE HC K 0ESCKIPTIQH: SEQ ID B0:2: 

Met Pro dn Phe Asp He Leu Cys Lys Thr Pro Pro Lys Val Leu Val 
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Ser Aso He Lys Asn Val Asp Pro Lys Ser Phe Lys Leu Val Gin Asn 
*^ 195 200 205 

Lys Tyr Leu Gly Val He He Gin Cys Leu Val Thr Glu Thr Lys Thr 
^ 210 215 220 

Ser Val Ser Arg His He Tyr Phe Phe Ser Ala Arg Gly Arg He As© 
225 230 235 240 

Pro Leu Val Tyr Leu Asp Glu Phe Leu Arg Asn Ser Glu Pro Val Leu 

245 250 255 

Lys Arg Val Asn Arg Thr Gly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 270 

Gin Leu Leu Lys Asp Asn leu Val Arg Ser Tyr Asn Lys Ala Leu Lys 
275 280 285 

Lys Asn Ala Pro Tyr Ser He Phe Ala He Lys Asn Gly Pro Lys Ser 
^ 290 295 300 

His He Gly Arg His Leu Met Thr Ser Phe Leu Ser Met Lys Gly leu 
305 310 315 320 

Thr Glu Leu Thr Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 

325 * 330 335 

Ala Val Ala Arg Thr Thr Tyr Thr His Gin He Thr Ala He Pro Asp 
340 345 350 

His TVr Phe Ala Leu Val Ser Arg Tjrr Tyr Ala T^r Asp Pro He Ser 
^ 355 ... 360 365 

Lys Glu Met He Ala Leu Lys Asp Glu Thr Asn Pro He Glu Glu Trp 
370 375 380 

Gin His He Glu Gin Leu Lys Gly Ser Ala Glu Gly Ser He Arg 
385 390 395 

Pro Ala Trp Asn Gly He He Ser Gin Glu Val Leu Asp Tyr Leu Ser 
405 - 410 415 



Ser Tyr He Asn Arg Arg He 
420 
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THAT WHICH IS CIAIHED IS: 

1. A BiasDiialian recombination system 
cQBiprising: 

(i) FLP recosabinase, or a nucleotide sequence 
encoding* same, and 

(ii) a first DNA comprising a nucleotide 
sequence containing at least one FLP 
recombination target site therein. 



2. A recOTibination system according to Claim 1 

further comprising: 

(iii) a second UNA, therein S2ttd second 

DNA is selected from: 
^ (a) at least a second portion of said 

first gene of interest, or 
(b) at least a portion of a second gene 
of interest; 

wherein said second imA contains at least one FLP 
20 recombination target site; and wherein said second DNA, 
when cOTibined in reading frame with said first DNA, 
provides a functional gene. 

3* A recombination system according to claim 2 
25 wherein said second DNA comprises an additional portion 
of said first gene of interest. 

4, A recombination system according to Claim 2 
wherein said second DMA comprises at lieast a portion of a 

30 second gene of interest. 

5. A recombination system according to Claim 4 
vhf*r**f» said portion of said second gene of interest. 
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when coxnbined in reading frzu&e with said first DKA, 
provides a hybrid, functional gene. 

6. A recoiobination system according to claim 4 
wherein said portion of said second gene of interest, 
when conbined with said first DNA, disrupts the function 
of said first gene of interest* 

7. A recombination' system according to Claim 1 
wherein said first DHA further comprises a siecond FLP 
recombination target site. 



8 • A recombination system according to Claim 1 
wherein the FLP recombinase is derived from a species of 
15 the genus Saccharoniyces. 

9* A recoiDbination system according to Claim 1 
wherein the FLP reconbinase is derived from a strain of 
Saccharomyces cerevisiae. 
20 _ 

10« A recombination system according to claim 9 
wherein said 7TSP recombinase is encoded by the 
approximately 1450 base pair sequence set forth as 
Sequence ID No. !• 

25 

11. A reeoaibination system according to Claim i 
wherein said f irs^t provides a readily analyzable 
marker feature to the host system. 

30 12. A recombination system according to claim 2 

wherein said second DNA provides a readily analyzable 
marker feature to the host system. 



wo 92/15^4 



PCr/TJS!O/0l899 



-36- 

13. A DNA construct comprising , as an 

autonomous fragment: 

(a) at least one Fi;P recc«nbination target 

site, 

5 (b) at least one restriction endonuclease 

recognition site, 

(c) at least one marker gene, 

(d) a bacterial origin of r^licatipn, and 
optionally 

(el a mammalian cellular or viral origin of 
DNA replication. 

14. A DHA construct conqprising, as an 
autonomous fragment, in the following order, reading from 

15 5» to 3" along said fragment: 

(a) a first FEP recombination target site, 

(b) an insert portion comprising, in any 
suitable sequence: 

(1) at least one restriction 
endonuclease recognition site, 

(2) at least one marlcer gene, 

(3) a bacterial origin of replication, 
and optionally 

(4) a mammalian cellular or viral origin 
of DNA replication, and 

(c) a second FLP recombination target site in 
tandem with said first FLP recombination 
target site. 

15. A method for the assembly of functional 
gene{s) , which is then suitable for activation of 

ea^ression in mammalian ceUs, by recombination of 
individually inactive gene segments derived from one or 



20 



25 
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« 

more 9ene(s) of Interest, herein each of said segments 
contains at least one recombination target site, said 
method con^rising: 

contacting said individually inactive gene 
5 segments with a FLP recombinase, under 

conditions suitable for recombination to occur, 

ther^y providing a DNA sequence which encodes 

a functional gene of interest* 

10 16. A method according to Claim 15 wherein the 

FLP recombinase is derived from a species of the genus 
Saccharonyces . 

17. A method according to Claim 15 wherein the 
15 FLP recombinase is derived from a strain of Saccharomyces 

cerevisiae. 

18 . A method according to Claim 17 wherein said 
FLP recombinase is encoded by the approximately 1450. base 

20 pair sequence set forth as Sequence ID Ho. 1. 

19. A method for the disrvqption of functional 
gene(8} of interest, rendering said gene(8) unable to be 
inactivated for expression in mammalian cells wherein 

25 said gene(s) of interest contain at least one FLP 
recombination target site, said method comprising 
contacting said gene(6) of interest with: 

(i) a DNA segment which contains at least one 
FLP recombination target site, and 
30 (ii> FLP recombinase; 

wherein said contacting is carried out under conditions 
suitable for recombination to occur between, said gene and 
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said DHA segment, thereby disrupting the gene(s) of 
interest and rendering said gene (s) non-functional. 

20. A method according to Claim 19 wherein said 
5 DHA segment provides a readily analyzable marker feature 

to the host system. 

21. A method according to Claim 19 wherein the 
FEP recombinase is derived from a species of the genus 

10 SaccharoBt^es. 

22. A method according to Claim 19 ^rtierein the 
tVP reooBbinase is derived from a strain of SaccAaromycas 
cerevisiae. 



15 



23. A method according to Claim 22 wherein said 
Fi;p recombinase is encoded by the approximately 1450 base 
pair sequence' set forth as Sequence ID Ho. 1. 

20 24. A method for the recovery of transfected 

DNA from the genome of a transfected organism, wherein 
the genomic DHA of said transfected organism contains a 
fragm^rt: having two tandemly oriented TOP r«»mbination 

target sites therein, said method coii5)rising contacting 
25 gencanic DHA from said organism with TOP. 

25. A method for the pcecisely targeted 
Integration of DMA into the genome of a host organism, 
said method comprising: 
30 (i) introducing a TOP recombination target 

site into the genome of cells whi<ai are 
compatible with the cells of the sniiject. 
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(ii> Introducing a first DliA conqprising a 

nucleotide sequence containing at least 
one FLP recombination target site therein 
into the FLP reco2abination target site in 
the genome of said cells by contacting 
said cells with said first DHA and FLP 
reccnabinase, and thereafter 
(iii) introducing the cells produced by the 
process of step (ii) into said subject. 



26. A method according to Clain 25, further 
comprising contacting the genomic DNA from said subject 
with FLP, thereby recovering the transfected DNA 
containing said first gene of interest from the genome of 
15 said transfected organism* 

27* A method according to Claim 26, further 
comprising introducing at least a portion of a second 
gene of interest into said FLP recoznbination target site. 

20 

28. A method according to Claim 25, further 
comprising introducing at least a portion of a second 
gene of interest into one of the FLP recombination target 
sites of said subject. 

25 

29. A mammalian cell, wherein the genomic DHA . 
of said cell contains at least one FLP recombination 
target site therein. 

30 30. A mainmalian cell according to Claim 29 

wherein said FLP recombination target site in the genomic 
DNA of said cell is positioned within at leaist a portion 
of one or more gene(s) of interest. 
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31. A mammalian cell according to Claim 30, 
further comprising DNA encoding, and capable of 
expressing, in jaammalian cells, a FLP recomblnase. 

32. A mammalian cell according to Claim 30 
wherein said gene(s) of interest provide a readily 
anaiyzable marker feature to the host system. 

33 . A mammalian cell according to Claim 29 
wherein said FEP recombination target site has the 
sequence: 



5 ■ HSAAGTTCCTAITCTCTAGWUlGTAa^ 
15 or functional equivalents thereof. 

34. A mammalian cell according- to Claim 30 
further con^rising an additional DNA fragment, wherein 
said' additional DMA fragment is selected from: 
20 (a) at least a second portion of said 

first gene of interest, or 

(b) at leetst a portion of a second gene 
of interest; 

wherein said second DNA contains at least one FLP 
25 recombination target site? and wherein said second DNA, 
when combined in reading frame with said first DNA, 
provides a functional gene. 



35. A transgenic, non-human mammal, wherein 
said mammal contains at least one FLP recombination 
target site in the genomic DNA thereof. 
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36. A t:raiisgenic, non-human mammal according to 

Claim 35 wherein said FLP recombination target site is 

« 

positioned within at least a portion of one or more 
gene(s) of interest. 

5 

37 • A transgenic, non-human mammal according to 
Claim 35, further con^rising a nucleotide sequence 
encoding, and capable of ea^ressing, in transgenic, non- 
human msuomals, a FLP recomblnase. 

10 

38. A transgenic, non-human mammal according to 
Claim 35, further comprising FLP recombinase. 

39* A transgenic, non-human mammal according to 
15 Claim 36 wherein said gene(s) of interest provide a 
readily analyzable mcurker feature to the host system. 

40. A transgenic, non-human mammal according to 
Claim 35. wherein said FLP reconibination target site has 

20 . the sequence ; 

5 • -GAAGTTCCTATTCTCTAGAAAGXATAGGAACTT, 
or functional equivalents thereof, 

25 

41. A transgenic, non-human mammeLl according to 
Claim 36 further conqprising an additional DNA fragment, 
wherein said additional DNA fragment is selected frc^: 

(a) at least a second portion of said 
30 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

vdierein said socond DNA contains at least one FLP 
recombination target site; and wherein said second DNA, 
35 when combined in reading frame with said first DNA, 
provides a functional gene. 
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42. A method for the site-specific integration 

• of transfected DNA into the genome of a. cell according to 
Clema 29, said method comprising: 

(i) contacting said genome with: 
5 (a) FLP recombinase, and 

(b) a first DHA comprising at least a 
portion of a first gene of inteirest? 

wherein said first DKA contains at 
least one FLP recombination target site; 
10 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
integration of said DNA sequence to occur 
at the FLP recoinbination target site in 

15 said genome of the host cells. 

43. A method according to Claim 42 wherein said 
FLP recoinbination target site in the genomic DNA of said 
cell is positioned within at least a portion of one or 

20 more gene(s).x»f interest. 

44. A method according to Claim 42 further 
comprising additionzaiy contacting said host cell with a 
second DHA, wherein said second DKA is selected from: 

25 (a) at least a second portion of sid.d 

first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein said second DHA contains at least one FLP 
30 recombination target site; and whierein said second DNA, 
when combinied in reading frame with said first DKA, 
provides a functional gene. 



35 



45. A method accpriding to claia 42 wherein said 
FLP recombinase is provided hf a FLP escpression vector. 
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46. A method according to Claim 45 wherein the 
expression of FLP recoobinase by said FLP expression 

f 

vector is subject to regulatory control. 

5 47. A method according to Claim 42 wherein said 

FLP recombination target site is introduced into the 
genome of said host mammalian cell by transfecfting said 
host cell with a DNA fragment containing at least one 
recombination target site therein. 

10 

48. A method according to Claim 42 wherein the 
FiiP recombination target site in the genomic DNA of said 
host mammalian cell is so positioned that the 

■ introduction of additional DNA sequences therein will 
13 inactivate the target gene. 

49. A method for the site-specific integration 
of transf ected DNA into the genome of a host according to 
Claim 35, said method comprising: 

20 (1) contacting said genome with: 

(a) FLP recombina^e, and 

(b) a first DNA comprising a nucleotide 
seqaence containing at least one FLP 
recombination target site therein; 

25 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
integration of said DNA sequence to occur 
at the FLP recombination target site in 

30 . said genome of the host* 

50l. .A method according to Claim 49 wherein said 
FLP recombination target site is positioned within at . 
least a portion of one or more gcKne(s) of interest. 

35 
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51. A method according to Claim 49 further 
comprising additionally contacting said host with a 
second DNA, wherein said second DHA is selected from: 

(a) at least a second portion of sedd 
5 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein S2d.d second DNA contains at least one FIP 
recombination target site; and wherein said second DNA, 
10 when combined in reading frame with said first DNA, 
provides a functionzJ. gene* \ 

52. A method according to Claim 49 wherein said 
FLP recombiiiase is provided by a TLB esqpression vector ^ 

15 

53 . A method according to Claim 52 herein the 
escpression of FLP recombinase by said FLP expression 
vector is subject to regulatory control. 

20 54 .-A method according to Claim 49 wherein said 

FLP recombination target site is introduced into the 
genome of said host mammaO. by transfecting said host with 
a DHA fragment containing at least one. recombination 
target site therein. 

25 

55. A method according to Claim 49 wherein the 
DNA of said host maimmal contains at least one FLP 
recoi&bination target site, and idierein said FIP 
recombination target site is so positioned that the 
30 introduction of additional DHA sequence therein will 
inactivate the target gene. 
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56. A method for tha analysis of the 
development of a mamnial, said. method comprising:. 

(a) providing a transgenic mammal cosiprising: 

(i) an escpression construct encoding FLP 
5 under the control of a conditional 

promoter, wd 

(ii) a reporter construct under the 
control of the same or a different 
promoter, wherein said reporter 

10 construct encodes a functional or 

non-functional reporter gene 
product, and wherein said construct 
contains at least one FLP 
recombination target isite therein, 

15 wherein the. functional 

expression of the fimctional 
reporter gene is disrupted when said 
FLP recanbination event occurs, or 
wherein the . functional . 

20 esqpression of the non-*f unctional 

reporter gene commences when said 
FLP recombination event occurs; and 

(b) following the developibent of said mammal to 
determine when expression of functional reporter gene 

25 product -either commences or is disriqvted, 

57. A method according to C^aim 56 wherein said 
conditional promoter is devdlopmentally-regulated. 

30 58 • A c6-trsmsfection assay for the occurrence 

^ of FLP-mediated recombination, said assay comprising:^ 
(a) c6-transf acting a host mammalian cell 

with: 

(1) a FLP. e3q>ression plasiaid, and 
35 (ii) a reporter plasmid comprising a non- 

functional reporter gene wherein said non- 
functional reporter gene is inactivated by 
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1:he presence of extraneous DHA containing 
least one recombination taxget, site; « 

and 

(b) nonitoring said host cell under a variety 
5 of conditions for the gain of expression of functional 
reporter gene product. 

59. A co-transfection assay for the occurrence 
of FLP-mediated recombination, said assay comprising: 
xo (a) co-transf ecting a host mammalian cell 

with: 

(i) a FIiP expression plasmid, and 

(ii) a reporter plasmid comprising a 
functional reporter gene containing at 

15 least one recombination target site 

therein; and 
(b) nonitoring said host cell under a variety 
of conditions for the loss of expression of functional 
reporter gene product. 
20 ' 
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